We studied salmon feeding selectivity and diel feeding chronology in the Columbia River plume. Juvenile chinook and coho salmon were caught by trawling at 2-3 h intervals throughout a diel period on three consecutive days (21-23 June 2000) at stations located 14.8 and 37 km offshore from the mouth of the Columbia River. A total of 170 chinook salmon were caught at the inshore and 79 chinook and 98 coho salmon were caught at the offshore station. After each trawl, potential prey were sampled at different depths with 2-3 different types of nets (1-m diameter ring net, bongo net, neuston net). Despite the variability in zooplankton abundance, feeding selectivity was surprisingly constant. Both salmon species fed selectively on larger and pigmented prey such as hyperiid amphipods, larval and juvenile fish, various crab megalopae, and euphausiids. Hyperiid amphipods were abundant in the salmon diets and we hypothesize that aggregations of gelatinous zooplankton may facilitate the capture of commensal hyperiid amphipods. Small copepods and calyptopis and furcilia stages of euphausiids dominated the prey field by numbers, but were virtually absent from salmon diet. Juvenile chinook salmon, with increasing body size, consumed a larger proportion of fish. Stomach fullness peaked during morning hours and reached a minimum at night, suggesting a predominantly diurnal feeding pattern. In general, both chinook and coho salmon appear to be selective, diurnal predators, preying mostly on large and heavily pigmented prey items, in a manner consistent with visually oriented, size-selective predation.
INTRODUCTION
Fish seldom ingest prey in proportion to their abundance in the environment. A substantial body of literature has accumulated which demonstrates that many freshwater and marine fish species selectively feed on relatively large and heavily pigmented prey (Gerking, 1994; Utne-Palm, 1999; Viitasalo et al., 2001) . Feeding on larger prey may enhance growth rates and hence decrease mortality (e.g. Keeley and Grant, 2001) . As most marine mortality of salmon occurs shortly after the juveniles enter the ocean (Parker, 1968; Pearcy, 1992) , studies on their feeding ecology during this phase of early marine life are crucial. A first step towards a better understanding of the factors controlling early marine survival of juvenile salmon is to quantify their feeding selectivity and their diel feeding patterns as they adapt to ocean conditions. The Columbia River is the largest river on the west coast of North America and has historically harboured the largest runs of adult salmon and steelhead (Oncorhynchus spp.) in the contiguous USA, with estimates ranging from 10 to 16 million fish. During the 1990s, the minimum Columbia River returns averaged approximately 1 million adults (Oregon Department of Fish and Wildlife, 2000) . The Columbia River enters the ocean with an average volume of approximately 10 000 m 3 s )1 , forming a shallow ($5-15 m) lens of low-salinity (<31) surface water which historically extended up to 400 km from the mouth of the river during spring freshet flows (Barnes et al., 1972) .
However, flow regulation, water withdrawal and changing precipitation patterns have cut in half the traditional volumes that now enter the ocean (Simenstad et al., 1990 (Simenstad et al., , 1992 . Most juvenile chinook (O. tshawytscha) and coho (O. kisutch) salmon enter the ocean during high flows in spring and early summer following a transition period which ranges from days to weeks within the Columbia River estuary and plume, during which time they gradually increase salinity preference and tolerance.
How the hydrodynamics of river plumes affect the survival of juvenile salmon entering the ocean is under debate (Beamish et al., 1994; Casillas, 1999) . Although the potential benefits of inhabiting the plume have not been quantified for juvenile salmon, the turbid, low-salinity water masses may provide shelter from many marine predators and may create favourable feeding habitats in areas where plume water converges with shelf water to form highly dynamic turbidity fronts. Previous studies have shown that relatively high numbers of coho and chinook salmon smolts are present in the Columbia River plume off Oregon and Washington (Pearcy and Fisher, 1990; Fisher and Pearcy, 1995) . Studies in other river plumes have demonstrated that elevated levels of potential prey items can occur in frontal regions (Grimes and Finucane, 1991; St. John et al., 1992; Fukuwaka and Suzuki, 1998; Grimes, 2001) .
Although the food habits and feeding ecology of juvenile chinook and coho salmon in their early ocean life are rather well-studied in this area, previous work has focused on the diet over a large geographical area (Peterson et al., 1982; Emmett et al., 1986; Brodeur and Pearcy, 1990; Brodeur, 1991) . Thus, much of the variability observed in the diets may be attributable to geographical variations in prey availability. To date, the only study to examine diel feeding chronology of juvenile coho salmon was based on fish sampled on multiple days from several different areas (Brodeur and Pearcy, 1987 ). It showed a diurnal feeding pattern with increased feeding intensity around crepuscular periods.
Little is known about the feeding selectivity of juvenile chinook and coho salmon entering the ocean environment. Previous studies suggest that they prefer comparatively large and/or highly pigmented prey (Peterson et al., 1982; Brodeur, 1989 Brodeur, , 1991 such as amphipods, euphausiids, insects, late developmental stages of decapods, and fish as opposed to smaller, less pigmented zooplankton such as copepods or decapod zoeae. Prey abundance changes with currents and tides and many zooplankton prey undergo diel vertical migration, thus impacting their relative availability to predators throughout the diel cycle. Adequately describing the prey field in a highly dynamic environment such as the Columbia River plume therefore requires intensive sampling throughout the diel period.
In June 2000, a study was conducted inside the Columbia River plume to examine diel catch rates, food habits, and the prey field of juvenile chinook and coho salmon inshore and offshore of the plume core. In this paper, we examine the diel availability of prey at both locations and the relative feeding selectivity of salmon upon these prey resources. We also describe the diel feeding chronology of juvenile coho and chinook salmon along with diel changes in the prey consumed by both species to better understand if their early marine feeding behaviour in the Columbia River plume is consistent with the concept of salmon being diurnal, size-selective predators.
MATERIALS AND METHODS

Fish sampling
Following an initial trawl survey of an inshore-offshore transect just south of the mouth of the Columbia River by the RV W. E. Ricker, we established stations at two locations which yielded high juvenile salmon catches (Fig. 1) . The first was at a station named CR8, approximately 14.8 km from shore and a water depth of 60 m. At this station, termed the 'inshore study', the Ricker was joined by the FV Sea Eagle for a depthstratified study on 21-22 June 2000.
Both vessels towed similar nets along parallel courses perpendicular from shore approximately 0.7 km apart, with the Sea Eagle towing at the surface and the Ricker towing subsurface. Trawling was conducted approximately every 2 h (daytime: 04:45-21:45 hours). The Ricker used a 264 Nordic rope trawl built by Nor'Eastern Trawl Systems, Inc. (Bainbridge Island, WA, USA), which has variable mesh sizes (162.6 cm at mouth to 8.9 cm at cod end) and has a fishing mouth opening of approximately 30 m wide · 18 m deep. This net was quickly lowered to equilibrium depth, fished for half an hour, and then quickly retrieved to minimize surface contamination. The mouth opening and depth of the headrope (around 18 m) of this trawl was continuously monitored using a Simrad FS3300 backwards-looking net sounder (Simrad A/S, Horten, Norway). This net fished the layer between 18 and 36 m depth, although it most likely also fished a short period of time in the surface layer, especially during retrieval. The Sea Eagle used a pelagic rope trawl of similar dimensions and mesh size as the Nordic trawl but rigged with floats to fish at the surface. Trawling continued at regular intervals throughout the diel period. Fish captured in trawls were identified, counted, measured to the nearest mm fork length (FL), and frozen for later laboratory analyses. Relatively few (<23%) fish were caught in the deeper trawls, and these were therefore pooled with fish caught at the surface. The depth-specific catch rates will be addressed in detail in a future publication.
Once this sampling was completed, the two vessels moved to a deeper station (133 m; CR20) approximately 37 km offshore at the same latitude on 22-23 June 2000. At this station, termed the 'offshore study', the Sea Eagle trawled at the surface (0-18 m stratum) conducting one tow approximately every 3 h, while the Ricker sampled the planktonic prey resources.
Plankton sampling
During the inshore study, the Ricker sampled zooplankton prey between each of the fish trawl deployments, although the constraints of sampling within 2 h blocks of time allowed only two different plankton gear types to be used. Surface prey were sampled with a 1.0 by 0.3-m neuston net with 335-lm mesh, towed for 5 min at a distance of 60 m and out of the wake of the vessel, while underway at 3.7 km h )1 . Simultaneously, deeper prey were sampled with a 1-m diameter, 335-lm mesh ring net (termed meter net). The net was fished obliquely by letting out 60 m of cable and retrieving it immediately at 30 m min )1 . Wire angle was maintained so that the net fished to a maximum depth of 20-30 m. A calibrated General Oceanics (General Oceanics Inc., Miami, FL, USA) or TSK (TSK America Inc., North Bend, WA, USA) flowmeter located inside the mouth of each net was used to estimate the amount of water filtered. At the offshore station, a 60-cm diameter, 335-lm mesh bongo net was used as an additional gear type to describe zooplankton abundance and was fished in the same way as the meter net. All prey samples were preserved in 5% buffered formaldehyde. In the laboratory, the entire sample was rinsed in freshwater and scanned for large, rare organisms using a light table and a magnifying light. Two to four subsamples of the smaller, more abundant organisms were counted using a dissecting microscope. Subsamples were taken using a Folsom splitter or a 10-ml Hensen stempel pipette and counted to achieve approximately 30 individuals of each taxon. Densities for each group counted were calculated as number of individuals per 1000 m 3 . Total lengths were measured in approximately 30 individuals of each taxon per sample using an ocular micrometer.
Fish size classes
Wild juvenile chinook salmon in the Columbia River system enter the marine environment after spending varying amounts of time in freshwater. Offspring from adults migrating up the river in fall migrate down as subyearlings after several months in freshwater, whereas offspring from adults migrating up the river in spring or summer spend more than a year in freshwater before migrating to the ocean (for a detailed description see Nicholas and Hankin, 1988) . Size thresholds derived from the analysis of length and age data from previous Feeding of juvenile salmoncruises (1998/99) at this time of year were used to discriminate between subyearling and yearling chinook salmon (June: subyearlings £140 mm FL, yearlings >140 and <280 mm FL; J. Fisher, Oregon State University, unpublished data) . Juvenile coho salmon remain in freshwater for more than a year prior to migration to sea. In addition to these naturally spawned fish, many of the salmon juveniles caught may have originated from hatcheries along the Columbia River and its tributaries. These fish are normally released in spring and summer. We were not able to completely discriminate between wild and hatchery fish, because not all hatchery fish were marked prior to release.
Stomach analysis
Frozen fish were thawed in the laboratory, measured and the stomachs were dissected. Stomachs were preserved individually in 10% buffered formaldehyde. After at least 4 weeks in the fixative, the stomachs were rinsed three times and soaked in water for a total of 24 h and transferred to 70% ethanol. Stomach contents were removed and examined under a dissecting microscope. The relative condition of the whole stomach contents, as well as those of each individual prey category were semi-quantitatively rated on a scale of 0-4 ranging from totally digested to fresh prey. Prey items were identified to the lowest possible taxonomic level. When possible, total length was measured to the nearest 0.1 or 1 mm using an ocular micrometer or a stage ruler, respectively. Each prey taxon was blotted on absorbent paper to remove excess moisture and weighed to the nearest milligram.
Data analysis
We calculated the percent numerical composition (%N) and the percent gravimetric composition (%W) for each prey species and life-history stage by station. The species and developmental stages were pooled to derive total numbers for six major prey categories ('Copepoda', 'Amphipoda', 'Decapoda', 'Euphausiacea', 'Osteichthyes', and 'Other'). The category 'Other' was composed of polychaetes, cirripede cypris larvae, mysids, isopods and insects. We tested for differences in diet between subyearling and yearling chinook salmon from both stations using contingency tables (Crow, 1982; Cortés, 1997) . The same test was used to compare diets of coho salmon and each ageclass of chinook salmon.
Feeding selectivity was estimated using the 'log of the odds ratio' (LOR; Gabriel, 1978) , a measure that is symmetrical around 0 and ranges from 0 to +¥ (positive prey selection), and from 0 to )¥ (negative prey selection):
where d i and e i are the numerical percentages of taxon i in the diet and environment, respectively. To describe the prey field, we first calculated average densities (numbers per 1000 m 3 ) for day and night from each plankton net and then calculated average densities for the combined net types (inshore study: meter and neuston nets; offshore study: meter, bongo, and neuston nets). As salmon ingested primarily large zooplankton prey (95% > 2.5 mm), prey selectivity was computed for prey items >2.5 mm, unless the taxon in question was strongly pigmented and had been found previously in the diet of juvenile coho and chinook (e.g. pteropods, cirripede cypris larvae, various crab larvae; Brodeur, 1989; Brodeur and Pearcy, 1990; R. Schabetsberger, unpublished data) .
Average weights for prey items were calculated from relatively undigested specimens (condition >2). Size frequency distributions of prey items were compared between the diet and the environment by summarizing all available length measurements within each data set. Linear regressions were fitted to the relationships between selectivity indices and the log of the average prey weight and between prey fish length and predator FL.
Stomach content wet weight was expressed as percentage wet body weight (minus the stomach contents weight) to standardize for differences in body size (Brodeur and Pearcy, 1987) . Fish of different sizes were pooled by time period after no significant correlation between percentage stomach contents and fish weight was detected. Non-parametric Kruskal-Wallis tests and Mann-Whitney U-tests (Bonferroni corrected) were used to test for differences in stomach fullness.
Differences in the six major prey categories between chinook salmon caught during day and night (inshore study: six hauls 'day', two hauls 'night'; offshore study: five hauls 'day', two hauls 'night') were tested using chi-square contingency tables. Too few coho were caught during night-time to test for diel differences in their feeding. For the inshore study 'Euphausiacea' was pooled with 'Other' to avoid having prey numbers less than five per cell.
RESULTS
Salmon catches
A total of 170 chinook (109 subyearlings and 61 yearlings) salmon were caught during the inshore study and 79 chinook (51 subyearlings, 28 yearlings) and 98 coho salmon were caught during the offshore study. No coho salmon were caught at the inshore station. All salmon specimens caught were examined in the diet studies. Juvenile chinook salmon exhibited a bimodal size distribution reflecting the different growth patterns of subyearlings and yearlings. In contrast, coho were on average larger and occupied a narrower size range (Fig. 2) .
Zooplankton abundance
At the inshore station, overall zooplankton density and the number of species were greater and decapod abundance was greater than at the offshore station (Table 1) . Larval stages of the bay ghost shrimp (Neotrypaea californiensis), furcilia and calyptopis stages of euphausiids, Cancer oregonensis/productus megalopae, and polychaetes dominated the zooplankton at the inshore station, whereas euphausiid larvae and Calanus marshallae (CV and adults) dominated offshore. Hyperiid amphipods (Vibilia australis and Lycea pulex) and Cancer magister megalopae were either not caught or only reached densities of <200 individuals per 1000 m 3 ( Table 1 ). The abundance of most prey species tended to increase during darkness at both study locations.
Diet composition
Salmon from the inshore station ate comparatively more decapod larvae and ingested a broader spectrum of prey than did fish from the offshore station (Table 2, Fig. 3 ). In terms of numbers, decapods, hyperiid amphipods, and prey items in the category 'Other' dominated the diet at the inshore station. The numerical proportion of crab larvae increased with increasing size of chinook salmon. At the offshore station, hyperiid amphipods numerically dominated the diet of both yearling and subyearling chinook and coho salmon. One species, V. australis, comprised more than 95% of the amphipods consumed. One juvenile coho stomach contained 938 individuals of V. australis.
In terms of weight, fish, decapods, amphipods and 'Other' were the dominant prey categories during the inshore study, whereas fish, euphausiids and amphipods dominated the prey at the offshore station. In general, the proportion of fish biomass in the diet increased with increasing size in chinook and coho salmon from both studies. In the offshore study the proportion of euphausiid biomass decreased with increasing salmon size (Fig. 3) .
The diets of subyearling and yearling chinook salmon were significantly different in both studies (inshore study: v 2 5 ¼ 190:7; P < 0:001; offshore study: v 2 5 ¼ 40:5; P < 0:001). Subyearling chinook from the inshore station ingested relatively more copepods (5.8% versus 0.1% of total prey by number), amphipods (21.4% versus 14.6%), and 'Other' (20.1% versus 12.1%) and fewer decapods (49.7% versus 68.3%) than yearling chinook. Subyearling chinook from the offshore study ingested a higher numerical proportion of euphausiids than yearling chinook Feeding of juvenile salmon(4.2% versus 1.5%). The diet of coho from the offshore study was significantly different from that of subyearling (v 2 5 ¼ 88:6; P < 0:001) and yearling (v 2 5 ¼ 197:5; P < 0:001) chinook salmon. Coho preyed less on decapods (1.6% versus 5.1%) and copepods (1.1% versus 2.2%) than subyearling chinook. They preyed more on euphausiids (3.3% zversus 1.5%) and less on fish (0.5% versus 1.2%) and decapods (1.6% versus 6.0%) than yearling chinook salmon.
Feeding selectivity
Both salmon species positively selected for amphipods (Atylus tridens, V. australis, L. pulex, Hyperoche medusarum), euphausiids (Thysanoessa spinifera, Euphausia pacifica), various crab megalopae (mostly Cancer magister and C. oregonensis/productus) and large copepods (Euchaeta sp.) (Figs 4 and 5) . Cnidarians, pteropods, cirripede cypris larvae, calyptopis and furcilia stages of euphausiids, and chaetognaths were under-represented Feeding of juvenile salmonin the diet relative to their densities in the plankton nets or were completely avoided. Some of the larger prey taxa (e.g. C. magister megalopae and adult euphausiids) were seldom or never caught in our zooplankton tows at the station farther offshore, resulting in selectivity indices of +¥. As small fish were relatively rare in the diets, and larger fish (>20 mm) were probably not sampled quantitatively with our plankton nets, the selectivity indices for fish must be treated with caution. Size was not the only basis for prey selection by juvenile salmon. Although feeding selectivity was positively related to mean weight of the dominant crustacean prey, the slopes of the linear regressions of the LOR against the log of prey weight in the stomachs were not significant (P > 0.1; Fig. 6 ). In general, positive selection for hyperiid amphipods was greater than would be expected from their body size, suggesting that other factors such as swimming behaviour or pigmentation increase their vulnerability to juvenile salmon predation. In contrast, C. marshallae, N. californiensis, and decapod zoeae were negatively selected compared with other prey of similar body size (Fig. 6) .
Prey items were between 1 and 68 mm long, with a peak in size frequency of around 5 mm reflecting the high numerical proportion of hyperiid amphipods in the diet of juvenile salmon. The size frequency distributions of V. australis, L. pulex, and H. medusarum in the diet were similar to those found in the environment (Fig. 7) . On the contrary, salmon were size-selective when feeding on euphausiids and mysids. Furciliae and juvenile euphausiids were rare in the diet, but occurred in relatively high proportions in the plankton (Fig. 7) . By contrast, V. australis dominated the diet of fish caught during the offshore study, yet it was not abundant in the plankton. However, the size range of euphausiid furciliae and juveniles is similar to that of V. australis. This suggests that salmon strongly discriminate between different prey species, not just prey size.
The size distributions of fish ingested by salmon differed from those captured in the plankton nets for both studies (Fig. 7) . Fish found in stomachs were almost entirely juveniles >20 mm TL, whereas fish caught in the various plankton nets were mostly larvae <20 mm TL. Total length of fish prey increased with increasing fork length of juvenile salmon; however, the relationship was weak because of the approximate measurements of digested prey fish (chinook inshore study: R 2 ¼ 0.15, P ¼ 0.21; chinook offshore study: R 2 ¼ 0.28, P ¼ 0.025; coho offshore study:
Female hyperiids were more abundant in the diet of juvenile salmon; however the sex ratios of hyperiids in the diet were not significantly different from sex ratios found in the environment (chi-square test; P > 0.3 for all hyperiid species). Numerically, female V. australis, L. pulex and H. medusarum comprised 100/100, 91/87 and 63/73% of all individuals in the diet and the environment, respectively.
Diel feeding chronology
Chinook salmon from both studies and coho salmon from the offshore study exhibited statistically significant differences in stomach fullness throughout the day (Kruskal-Wallis test: P < 0.001). Chinook salmon caught during the inshore study had less food in their stomachs compared with fish caught farther offshore (Fig. 8) . Stomach fullness during the inshore study increased during the morning and stayed relatively constant throughout the rest of the day. The stomach condition factor reflected the same pattern (Fig. 8) .
For chinook salmon from the offshore study, the weight of stomach contents was significantly greater in the morning hours than in the afternoon and evening (Fig. 8) . Stomach fullness peaked at 11:00 hours, then decreased from early afternoon to a minimum around 02:00 hours. The highest proportion of fresh stomach contents preceded the peak in stomach fullness for chinook salmon in the offshore study. 
Feeding of juvenile salmon
No coho salmon were caught during the night, but stomach contents had reached a maximum by 08:00 hours, indicating a clear peak of feeding in the morning. Stomach contents were lower later in the day and no second feeding peak in the evening was observed. The condition factor first increased and then significantly decreased during the morning hours.
Significant differences in diet of chinook were observed between day and night for both studies (inshore study: v 2 4 ¼ 36:3; P < 0:001; offshore study, v 2 5 ¼ 1094:4; P < 0:001). At the inshore station, chinook ingested more decapods (73.3% versus 63.4% of total prey) and fewer 'Other' (8.2% versus 17.2%) during darkness. During the offshore study, decapod shrimp larvae (Crangon sp.) were found almost exclusively in fish caught just before midnight. However, the fish caught <3 h later had few Crangon in their stomachs (Fig. 9) .
DISCUSSION
Juvenile salmon in the Columbia River plume were feeding selectively on highly pigmented and comparatively large prey items. Although some of the hyperiids were in the same size-range as the furcilia or juvenile stages of euphausiids, the euphausiids were completely absent from the diet, whereas hyperiids were selected over other prey. Conspicuous pigmentation was probably a strong factor relating to the positive selection of different crustaceans. All hyperiid species found in the stomachs exhibited some sort of opaque pigmentation along their body, whereas early stages of euphausiids are largely transparent. Most hyperiids, Cancer spp. megalopae and adult euphausiids have large, dark compound eyes. Additionally, the more predictable, constant swimming pattern of hyperiids may have facilitated prey capture (Peterson et al., 1982) . Although hyperiids were less dominant at other locations along the Oregon and Washington coast, they are regularly found in the diet of juvenile salmon (R. Schabetsberger, unpublished data). Hyperiid amphipods were also eaten by Atlantic salmon in much higher proportions than were found in the zooplankton (Jacobsen and Hansen, 2001 ).
Salmon had a high positive selection for the hyperiid amphipod, V. australis, during the offshore study. Densities of V. australis were relatively low compared with other prey items in our zooplankton samples (Table 1) . So far, this species has been Figure 4 . Prey selection (LOR) for the major prey categories found in the diet of subyearling and yearling chinook salmon caught during the inshore study. Average prey densities from samples taken with two different plankton nets (meter and neuston) were calculated for day-and night-time zooplankton samples. The signs > and < correspond to values of positive and negative infinity. No point or sign is shown when the item was absent in both zooplankton and stomach samples.
observed infrequently in our surveys off the Oregon and Washington coast. According to Vinogradov et al. (1996) , V. australis occurs worldwide in the tropical zone and its range in the Pacific extends from 40°N to the southern subtropical convergence. Information about its distribution further north is scarce, partly Figure 5 . Prey selection (LOR) for the major prey categories found in the diet of subyearling and yearling chinook and yearling coho salmon caught during the offshore study. Average prey densities from samples taken with three different plankton nets (meter, bongo, and neuston) were calculated for day-and night-time zooplankton samples. The signs > and < correspond to values of positive and negative infinity. No point or sign is shown when the item was absent in both zooplankton and stomach samples.
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because of taxonomic uncertainties associated with this species (Behning, 1939; Lorz and Pearcy, 1975; Brusca, 1981) .
During the initial survey along the Columbia River transect preceding our two studies, the highest densities of salps and V. australis coincided at CR20 (C.A. Morgan, unpublished data), suggesting that V. australis may have been associated with the salps. Adult Vibilia have been described as living commensally in salps, pyrosomes or siphonophores (Lavaniegos and Ohman, 1998) . Vibilia feed on the food-strand at the opening of the oesophagus of the salps . As many as 12 adult Vibilia have been found in one salp, and they are reported from aquaria studies to rarely leave the host. In contrast, L. pulex frequently moves from inside the salp to the outside, among salps in a chain, and also between unconnected salps . Hyperoche medusarum has also been found associated with various ctenophores and medusae Lavaniegos and Ohman, 1998) . Madin and Harbison (1977) concluded that most hyperiid amphipods are at some stage of their life associated with gelatinous zooplankton.
Juvenile salmon preyed on both sexes of hyperiids according to their availability in the environment; however we do not know if the distribution of gelatinous zooplankton affects their behaviour when feeding on hyperiids. Males of Vibilia and Lycea may be largely free-swimming compared with females that are more attached to their hosts Laval, 1980) . Juvenile salmon may have even picked individual female hyperiids from the salps or at least fed on female hyperiids aggregated near gelatinous zooplankton.
All individuals of V. australis in the salmon stomachs seemed to be females, although sexual differences are sometimes not clear in this genus (Brusca, 1981) . The skewed sex ratios we observed could have been the result of a patchy distribution, which is common in hyperiid amphipods (Laval, 1980) . Alternatively, juvenile salmon may be attracted to aggregations of gelatinous zooplankton. More information about the sex-specific behaviour, population dynamics and small-scale distribution of hyperiids and their hosts is needed before final conclusions can be drawn. Given the great importance of these amphipods in the juvenile salmon diet, future studies should assess the interaction of hyperiids and gelatinous zooplankton by direct observation in laboratory experiments and in the natural habitat (e.g. Harbison et al., 1977; Madin and Harbison, 1977) .
Small copepods such as Pseudocalanus and Oithona <2.5 mm TL) were 2-3 orders of magnitude more abundant than C. marshallae at both locations (W. Peterson, unpublished data), yet only the latter were present (although rarely) in the diet. Juvenile salmon are likely capable of seeing the small copepods, because visual acuity increases during development (Douglas and Hawryshyn, 1990) and such small items have also been found in the diets of other juvenile salmonids (e.g. Seki and Shimizu, 1998; Auburn and Ignell, 2000) . Assuming similar spacing of gill rakers in Pacific and Atlantic salmon (Salmo salar), copepodites of C. marshallae and probably also Pseudocalanus adults could be retained in the buccal cavity, at least in the smaller subyearling chinook salmon (Wankowski, 1979) . Thus, we believe that the absence of small copepods in the diet was the result of active avoidance rather than any limitation of prey detection or capture capabilities. Controlled laboratory experiments should be conducted to determine if juvenile salmon feed on them when larger and/or more pigmented food items are absent.
Several possible sources of error may have affected our estimates of feeding selectivity. Among these are (i) temporal and spatial variability of zooplankton, (ii) gear selectivity, and (iii) the confounding effect of predator size. A majority of the crustacean prey taxa are vertical migrators, and their contribution to the near surface zooplankton varies throughout the diel cycle. Despite their low abundance in the daytime zooplankton samples, adult euphausiids were frequently found in the stomachs and were probably consumed at dawn or dusk during their downward or upward migration.
Our calculations of selectivity indices were insensitive to time of fish capture (Figs 4 and 5) . Given the relatively small sample size of predators and the high variability in zooplankton abundance, the approach of using one and two size-classes for coho and chinook salmon, respectively, and combining the zooplankton abundances for day and night samples, seemed to yield robust estimates of selectivity.
Currents, tides and river outflow create a constantly changing prey field in terms of abundance and composition. Sharp convergent fronts may appear and subsequently disappear within a tidal cycle at the edge of the Columbia River plume (Schabetsberger, pers. obs.), forming transient high food-density areas. For example, the dominance of Crangon sp. in stomachs from one night-time haul suggests that these fish had fed opportunistically on a swarm of these decapods, possibly aggregated in a frontal region.
Although we used three different plankton nets throughout a diel cycle during the offshore study, larger prey items were most likely underestimated. Large euphausiids and juvenile fish may have actively avoided our sampling gear, thereby skewing selectivity estimates upward for these items. However, our data still show that many small, potential prey items were absent or rare in the salmon diet. The magnitude of some of the selectivity values for larger prey items may have been overestimated, but it is unlikely that the sign would change.
Pronounced ontogenetic changes have been described in the type and size of prey consumed by juvenile chinook and coho salmon (Peterson et al., 1982; Brodeur, 1991) . In particular, the increasing proportion of fish in the diet of juvenile salmonids with increasing predator size has been found in many studies (e.g. Keeley and Grant, 2001) . Our data are consistent with a previous finding that the threshold size for onset of piscivory of salmonids in the ocean is around 80 mm FL (Keeley and Grant, 2001) . We believe that this strong effect of predator size on prey choice, the spatial and temporal variations in prey availability, and the differential gastric evacuation times for different prey (Bromley, 1994) masked the more subtle temporal changes in diet choice.
A diurnal feeding pattern with peaks around crepuscular periods has been found previously for juvenile chinook and coho (Brodeur and Pearcy, 1987; Sagar and Glova, 1988) , pink (O. gorbuscha) (Godin, 1981) and sockeye (O. nerka) (Doble and Eggers, 1978) , and for brook charr (Salvelinus fontinalis) (Walsh et al., Figure 8 . Relationship between time of day and percent wet bodyweight of stomach contents (left) and digestive condition factor (right). Data are arithmetic mean ± 95% confidence limits. Values for stomach fullness (percent body weight) were ln(x + 1) transformed and then back-calculated. Points with an asterisk above them were found to be significantly different (Mann-Whitney U-test, P < 0.01) from those immediately preceding them. Sample sizes are shown in the left panels. Bars on top indicate times of twilight (grey) and darkness (black). Brodeur and Pearcy (1987) found for juvenile coho salmon, we found the most distinct increase in feeding intensity to be during the morning hours for both species. During the night, stomach fullness declined to a minimum, but we do not know if juveniles ceased feeding completely. Several studies from freshwater and marine habitats confirm that salmonid parr (Amundsen et al., 1999) , juveniles (Bradford and Higgins, 2001) , and adults (Davis et al., 2000) may be actively feeding during darkness. Salmonids seem to be able to feed at light levels below 0.01 lux (Godin, 1981; Valdimarsson and Metcalfe, 1999) , although the foraging success of Atlantic salmon dropped to 35% of their daytime efficiency at conditions of full moon and clear sky (Fraser and Metcalfe, 1997) . Salmon are known to mostly forage at angles above their horizontal plane (Dunbrack and Dill, 1984) , which may allow sufficient contrast during moonlit nights. During our study, the moon was only half-full and scattered clouds may have limited the ability of juvenile salmon to feed at night.
1988). In contrast to what
In conclusion, juvenile salmon in the Columbia River plume preyed mostly on relatively large and/or pigmented prey consistent with visually oriented, sizeselective predation (for a review see Lazzaro, 1987) . We found that juvenile salmon were selective, diurnal predators, and that hyperiid amphipods were a major component of their diet within the plume. Future studies should focus on the distribution and abundance of hyperiid amphipods, their association with gelatinous zooplankton, and the mechanism by which salmon select them over other available prey. Additionally, daily food consumption and prey choice of salmon should be compared between the plume and adjacent areas to evaluate the relative profitability of this habitat. 
